An improved immunofluorescent-antibody (FA) method for the detection of salmonellae in foods and feeds was developed. This FA method combines a rapid cultural phase and a serological phase that allow for propagation of salmonellae in a minimum time, employing the industrial 8-hr work day as a guide. Two hundred fifty naturally contaminated human food and animal feed samples, representing 647 trials, were tested by the FA method. A total of 18 different food and feed samples was used. The method used by the Association of Official Analytical Chemists (AOAC) for the detection of salmonellae was the control method. The percent agreement when comparing the FA slide method to the AOAC method ranged from 87.1 to 95.3%, depending upon the conjugated antisera used in comparative studies.
The need for a faster method for the detection of salmonellae led to the development of the fluorescent-antibody (FA) technique. The FA technique can serve as a useful tool in screening raw materials, environmental samples, and finished products (1-4, 6-9, 11-14) . Many organizations now testing for salmonellae employ the time-consuming (5-7 days) and laborious method of the Association of Official Analytical Chemists (AOAC).
The objectives of this study were segmented into three phases. The first phase dealt with the development of a cultural method designed to enhance the rate of growth of low numbers of salmonellae and suppress the growth of organisms other than salmonellae. The following three-step cultural method was designed to satisfy these criteria: (i) a 7-hr pre-enrichment, (ii) a 17-hr selective enrichment, and (iii) a 5-hr modified M broth (Difco) elective enrichment.
The second phase of the method was the development of a staining procedure which enhanced the fluorescence of the stained salmonella cell while retaining the maximum number of cells and flagella on the microscope slide. To facilitate reading the slide, the staining procedure was also designed to minimize background fluorescence.
The third phase consisted of designing a serological scheme for the preparation of a commercially available conjugated salmonellae antiserum containing all 79 somatic and flagellar antigens for the 31 salmonellae serotypes identified in food poisoning in the United States for the years 1965 to 1970 (15) .
MATERIALS AND METHODS FA antisera. With the assistance of the Center for Disease Control and the approval of the Food and Drug Administration, we designed the coverage of the conjugated antiserum necessary for the task ( Table 1) .
As a professional courtesy, the Difco Corp. of Detroit, Mich., prepared and submitted two individual pools of conjugated salmonellae antisera conforming to the scheme. The first pool of conjugated antiserum (Difco 0) contained antibodies to the somatic factors of the 31 serotypes. The second pool (Difco H) contained antibodies to the 48 flagellar antigens. These antisera were rehydrated by adding 5 ml of sterile distilled water, as directed by the manufacturer. Quantities of 0.5 ml were dispensed into sterile vials and frozen until used. Before staining, the "O" and "H" antisera were thawed at room temperature and diluted to a working dilution of 1 :8 with pH 7.5 phosphate-buffered saline. A combination of "O" and "H" antisera (O+H) was prepared in this laboratory at a dilution of 1:16 for additional evaluation. This was later supplied by Difco and known as FA Salmonella Poly.
The Sylvana Corp. of Millburn, N.J., submitted a conjugated antiserum having the same flagellar and somatic antigen coverage as Table 1 , with the exception of the Vi antigen. This antiserum was tested at a 1:8 dilution.
Another salmonella-conjugated antiserum was received for evaluation, as a professional courtesy, from E. M. Ellis of the National Animal Disease Center. The antiserum was kept under refrigeration and used at a 1:1 dilution.
INSALATA, MAHNKE, AND DUNLAP APPL. MICROBIOL. Selective enrichment phase. After incubation, the pre-enrichment broth was removed from the water bath, and the particulate matter was allowed to settle for 5 min. Fifty milliliters was withdrawn from the top one-third layer of the culture and transferred to 450 ml (35 2 C) of selenite-F broth (BBL). The selenite-F culture was incubated at 35 + 2 C for 17 hr in the shaker water bath.
AOAC cultural method. The remaining portion of the pre-enrichment culture was placed in a still-air incubator for an additional 17 hr at 35 2 C for simultaneous evaluation by the AOAC method (10) . Elective enrichment phase. After incubation, the selenite-F broth culture was removed from the water bath and allowed to stand for 5 min. Two milliliters was withdrawn from the top third of the culture and transferred to 18 ml (35 2 C) of modified M broth. The pH of the elective modified M broth and sample was adjusted to 6.8 a Abbreviations: AOAC+, any sample producing an isolate that exhibited cultural, biochemical, and unconjugated serological reactions typical for salmonellae in accordance with the AOAC published method; AOAC -, any sample confirmed as salmonellae-negative following AOAC published methodology; FAC + (FA cultural positive), any modified M-broth elective enrichment (from which the slides are made) confirmed as containing salmonellae following AOAC published methodology; FAC -(FA cultural negative), any modified M-broth elective enrichment negative for salmonellae following AOAC published methodology; Slide+, any smear showing rods of (i) proper morphology (with or without attached flagella) under darkfield and ultraviolet light, and (ii) a 3+ or 4+ degree of fluorescence under ultraviolet light; Slide-, any smear not conforming to the above; FA slide agreement, occurs when (i) a positive slide is confirmed by an AOAC positive or FAC positive, or both, (ii) when the FA slide and AOAC and FA cultural methods are negative concurrently; FA slide false positive, any slide positive which cannot be culturally confirmed; FA slide false negative, any instance in which the slide was negative and the AOAC culture or FA cultural method, or both, yielded salmonellae. This study helped to demonstrate that the FA technique may be successfully used in rapid screening for salmonellae in foods and feeds. The advantages of the application of the FA method are: (i) 32-hr elapsed time, (ii) increased sensitivity over the cultural method through the detection of low numbers of salmonellae (5), (iii) increased specificity through the use of a designed antiserum, (iv) an economic saving by releasing product sooner, thereby freeing expensive storage space, (v) the ability to rapidly determine the effectiveness of sanitation procedures in industrial processes, and (vi) a shorter testing time in which more samples can be checked, thus giving greater protection to the consumer. With at least two commercial sources of conjugated salmonellae sera for use in the direct procedure, the application of the FA technique may increase in industry.
There are, however, several aspects of the procedure that require further development. These include: (i) increasing the specificity and sensitivity of the antiserum, (ii) cultural improvement, and (iii) microscopy definition in the diagnostic phase, to minimize subjective interpretations. The somatic antigens of the salmonellae are shared, to some extent, with other Enterobacteriaceae. Concomitant microflora-possessing antigens common to salmonellae may produce FA slide false positives in some sample types. Intensification of the selective and elective enrichment phases to stimulate salmonellae growth with the suppression of nonsalmonellae may be required to reduce the number of false positives. Also, the number of false positives can be minimized by use of higher dilutions of the antiserum.
The sensitivity and selectivity of the FA method may vary, as slide false negative results seem to occur more frequently in various specific sample types. These false-negatives may be due, in part, to the degree of background fluorescence of some foods which tend to mask the fluorescence of the salmonellae cells.
A uniform nomenclature and criteria for the microscopy detection of salmonellae should be established. The relationships between the number of cells and the culturally positive samples should also be established.
We hope to continue our efforts in studying the advantages of the combination or the integration, or both, of microbiological samples for use as a broad-base screening technique, fortified by ultimate confirmation with the standard AOAC method.
